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FOREWORD 


To  assist  studies  in  the  area  of  aluminum-lithium  alloy  development,  Alcoa 
requested  the  Navy  supply  samples  of  commercially  produced  2020-T651  plate 
for  the  purpose  of  developing  baseline  engineering  data.  In  exchange  for 
two  pieces  of  2020-T651  plate  from  the  Navy’s  inventory,  Alcoa  agreed  to 
characterize  the  plate  and  submit  the  test  results  at  no  cost  to  the  Navy. 

This  transaction  was  handled  as  an  amendment  to  Navy’  Contract  No.  N00019-75-C- 
which  was  concurrently  under  way  during  the  period  1979  July  1  to  1981  June  30 
at  Alcoa  Laboratories,  Alcoa  Center,  Pennsylvania.  Mr.  M.  D.  Valentine  was 
the  Navy  Contract  Monitor.  R.  J.  Bucci  served  as  Alcoa  project  manager,  with 
R.  C.  Malcolm,  A.  K.  Vasudevan,  and  P.  E.  Bretz  as  the  principal  Alcoa 
engineer/scientists  for  the  program.  A  selected  fatigue  crack  growth  test 
was  subcontracted  to  Del  Research  Corporation,  Hellertown,  Pennsylvania,  'under 
the  direction  of  J.  K.  Donald  and  C.  Miller  as  principal  engineer. 
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hVAL'CATIO:]  OK  'US-:  ITldlNEERlNi  PROPERTIEL  OF  A  COMT-1KRC  TALLY 

produced  aluminum  alloy  2020-T651  plate 


in’skop’ 


•  i  >  ■. 


o .'orrvivKii  7X 


’leal: 


tin./ 


which  Las  a  nominal  composition  of  •4. 5"  Copper,  1.1:"  Lithium, 
’a  fcnh.ci:  and  the  balance  Aluminum  (QS-7‘>) ,  was  developed  in 
tl.Ty  the  need  foi*  alloys  v.lth  iiigh  strength  and  high  modulus 
in  aircraft  structures,  however,  alloy  2020,  particularly 
temper  (Tr'i ,  developed  lev;  fracture  toughness  compared  to 
XX  alloys.  Tiiis  characteristic  coupled  with  manufacturing 
withdrawal  of  alloy  2020  for  use  in  commercial  products. 


.  es;  Ite  tr.is  setracK,  aluminum 


alloys  cot itais ling  lithium  remain  attractive  for 


a  .is  raft  apr  1  i  cat  lot  is  becau 
elasticity,  they  possess  lo 
cyclic  loading  conditions . ( 
toward  increasing  fracture 
for  aircraft  use. (2,  3) 


se  in.  addition  to  hign  strength  and  high  modulus  of 
w  density  and  the  potential  for  -uglier  resistance  to 
1,  2)  Consequently,  current  research  has  been  directed 
toughness  of  Al-Li-type  alloys  into  a  range  acceptable 


To  aid  studies  in  the  ava  o:' 


navy  suppuy  some  -2 
characteristics  of 


-i.i-v;.-pe  alloy  impre vement ,  Alcoa  requested  the 
VTt;,3i  plat-  •  for  the  purpose  of  developing  engineering 
tlloy  2222  as-  a  baseline  material.  In  exchange  for  two  pieces 
of  aluminum  alloy  2222-TbRl  plate  ( fabricated  from  tiie  same  lot)  supplied  by  the 
Naval  Air  .’ys terns  Comnand,  Alcoa  agreed  to  characterise  the  plate  and  submit  the 
test  results  and  evaluations  at  no  additional  cost  to  trie  Navy.  Tiiis  transaction 
(4)  was  handled  as  an  amendment  to  Navy  Contract  No.  N2T019-79-C-3258 ,  "Effect  of 
Microstructure  on  7 XXX  Aluminum  Alloy  Eatiguo  Track  flrowth  at  Low  stress  intensity .  ’ 


OBJECTIVES 


The  properties  agreed  upon  to  lie  evaluated  on  the  2020-T651  plate  arc-  as  follows: 

1.  Characterise  microstructurc  by  light  microscopy. 


2.  chemical  analysis, 

3.  tensile, 

4.  tear, 

5 .  fracture  touglmess , 

6.  fatigue  crack  growth  in  humid  air  at  room  temperature  (low,  intermediate,  and 
high  AK),  and 


7.  fractography . 
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MATERIAL 


Two  pieces  of  a  single  lot  of  conmercially  produced  32.54  mm  (1.28l-in.)  thick 
2020-T651  plate  was  supplied  by  the  Navy  for  testing  and  study.  Both  pieces  of 
plate  were  identical  in  size  and  shape,  as  shown  in  Fig.  1.  Also,  as  indicated 
in  Fig.  1,  the  rolling  direction  (longitudinal)  of  each  piece  of  plate  is  parallel 
to  the  longest  dimension  (^.44  m  or  14  ft.  7  in.).  An  Alcoa  Technical  Center 
sample  number  (523713)  was  assigned  to  each  piece  of  plate  with  one  denoted  "A" 
arid  the  other  "B".  A  typical  optical  micrograph  of  the  alloy  is  shown  in  Fig.  2. 
The  structure  is  composed  of  coarse  recrystallized  grains.  The  grain  size  along 
longitudinal  direction  is  ^380  ym. 

The  chemical  composition  of  each  piece  of  plate  was  determined  and  the  remelt 
analysis  of  each  is  shown  in  Table  1. 

SPEC  hens  a:jd  test  procedures 

Test  specimens  to  determine  the  various  mechanical  properties  of  both  pieces  of 
2020-T651  plate  were  taken  from  Section  2  location  in  each  piece,  as  shown  in 
Fig.  1.  Hie  location  of  each  individual  specimen  taken  from  Section  2  of  pieces 
"A"  and  "B"  is  shown  in  Figs.  3  and  4,  respectively.  All  the  mechanical  properties 
were  determined  from  tests  at  room  temperature  on  specimens  taken  in  both  the 
longitudinal  and  long-transverse  orientations  with  respect  to  the  rolling  direction 
of  each  piece  of  plate. 

1.  Tensile  Tests 


The  tensile  tests  were  conducted  in  accordance  with  the  A SIM  Standard  Method  3557 
using  nominally  12.7  mm  (0.500-in.)  diameter  specimens.  Tests  were  made  cf  both 
plate  pieces  "A"  and  "B"  and  in  both  the  longitudinal  (L)  and  long-transverse  (LT) 
directions. 

2 .  Tear  Tests 


The  tear'  tests  were  made  using  nominally  2.54  mm  (0.100-in.)  thick  Kahn- type  tear 
test  specimens.  Tests  were  made  of  both  plate  pieces  "A"  and  "B"  and  in  both  the 
longitudinal  (L-T)  and  long-transverse  (T-L)  orientations. 

Tire  energy  required  to  initiate  and  propagate  a  crack  in  each  specimen  were  both 
determined  from  measurements  of  the  appropriate  areas  under  autographic  load- 
deformation  curves  of  the  types  represented  in  Fig.  5.  The  unit-propagation 
energ; ,  which  is  used  as  an  index  of  tear  resistance,  was  determined  for  each 
specimen  by  dividing  the  net  area  of  the  specimen  into  the  energy  to  propagate 
the  crack.  The  ratio  of  the  tear  strength  (the  maximum  nominal  combined  direct- 
and-bending  stress  developed  by  the  specimen)  to  the  tensile-yield  strength  was 
determined  for  each  specimen  for  use  as  an  index  of  toughness. 

3.  Fracture  Toughness  Tests 


The  fracture  toughness  KT  tests  were  conducted  in  accordance  with  the  ASIM 
Standard  Method  E399  usin§;  nominally  31.8  rim  (1.250- in.)  tlrick  compact-tension 
fracture  toughness  specimens,  W  =  63.5  urn  (2.500-in.)  and  2H  =  76.2  rrm  (3.000-in.). 


he  test  rrocedaroo  strictly  auhe-rad  to  the  A.’"!-! 
^istant-LoaJ-Ampl  itu.de  h'atiroie  Crack  A-rov.tr.  Rat 
n-i  the  rrorotvd  AC7M  "tandarci  tost  practie-  •  for 
ater.  (da/dij  <  10~;S  rVcyele)  (S) . 


gene:  *a_ 


arid  oi.il  pro:  Uf 'at  fen  ■_■: .•  -ivy  Vu 
'A  and  b'  :c\-  lew, 

the  plate  may  not  t  - 

are  comparable  to  those  eh'  ar.-ther 


V  ! 


■■u  x.  otj.  _*a  . 


or.e  te^  properties  o:  p^ate  :  ^ece  A  are  s.aigt:.t_y  nigher  tnan  trcse^o: 

diagonally,  as  of  vow:  in  hie.  1',  wnoreas  the  fractur-  path  :f  vuch  of  the 
oriented  steelmens  is  noma.,  “no  tear  pr-perties  in  the  1.-1'  . ri-.:.~ati._ n 
both  pieces  of  piste  are  significantly  i  signer  than  these  properties 
orientation. 

3.  bVacture  Touglness 

A.  Kt 
Ic 


'Hie  results  cf 
the  L-?  -and  T-i 
conducted  for  each  condition. 


the  Kt.,  tests  of  told  pieces  (A  and  is'  of  . 
,  orientations  are  shown  in  Table  A.  Hucii; 


:  ?  1 3  W ex’* 


Ihe  tests  or.  specimens  in  the  I.-T  orientation  of  both  pieces  of  pis 
resulted  in  valid  Kqc  values,  however,  none  of  tire  tests  in  the  T-I 
orientation  resulted  in  valid  Kjc  values.  On  the  other  hand,  the  K 
for  the  T-L  orientation  of  both  plate 


values 


tests  and  one  plate  "5"  test  ar 


considered  meaningful .  These  tost  results  show  that  the  fracture  toughness 
of  plate  pieces  "A"  and  "B"  are  equal,  however,  the  values  are  rattier  low 
indicating  poor  toughness.  In  general,  the  properties  are  comparable  to 
those  of  two  samples  of  Alcoa  commercially  produced  3(t.n  mm  (1.375-in.' 
thick  ?020-T( 51  plate  test ei  previously  (unpublished  Alcoa  data'. 


B. 


R-Cui’ves 


R-cui’Vec  were  developed  from  tests  of  specimens  taken  in  the  L-T  and 
T-L  orientations  and  only  from  plate  piece  "B".  The  data  are  shown  in 
Fig.  c.  Each  ■r.a’ve  is  composed  of  data  established  from  duplicate  tests 
which,  were  very  reproducible.  Out  cf  plane  fractures  occurred  in  both 
the  L-T  oriented  specimens,  however  not  with  the  T-L  oriented  specimens . 
The  data  points-  recorded  in  Fig.  t  represent  o:2Ly  those  values  where 
the  plane  of  crack  .srcwth  remained  normal  (to  witnin  +  6°.  to  the 
applied  loading  direr, icn.  For  the  higher  toughness  L-T  orientation, 
out  of  plane  fractures  occurred  at  Aa_fr  values  which  correspond 
approximately  v:  the  j  of  maximumev6st  load. 


Siow  bend  ci.arr.y  (.75  "  tests  were  conducted  on  specimens 
L-T  and  T-L  orientations  and  only  from  plate  piece  "E". 
made  on  specimens  in  each  orientation,  two  each  of  1C  mm 
ana  t .  fo  nr.  (  ..>3 7-in. '  thick  specimens.  The  results  of 


taken  m  tne 
Four  tests  were 
(C. 295-in.) 
these  tests  are 


•determined  from  the  6.35  ran  (C. 257- in.)  thick  specimens 
he  average  about  12  percent  in  the  L-T  orientation  and 
■  T-L  *r lent at icn)  than  those  values  determined  from  the 
l.mn-in.'  thick  specimens.  The  ?I,V  values  shown  in 
L-T  oriented  specimens  are  significantly  higher  than 
L  orient od  specimens.  Also,  the  fracture  path  observed 
: rcitions  tested  (L-T  and  T-L  orientations)  retained  their 
thereby  eliminating  the  confounding  effect  of  out  of 
r.  test  interpretation. 


The  K-  values  are  comparable  to  the  K„  values  (Table  4). 
is:.  -  w 

F: : '  is..'  ■  .'race  irowtn  (da/dL) 


Tons tai :t-ioa d-amplitude  fatigue  crack  growth  (FOG)  da/dN  tests  were  made  only 
or.  specimens  from  the  2027-7651  Plate  piece  "B".  Two  tests  were  conducted  on 
77  specimens  in  the  L-T  orientation  and  one  in  the  T-L  orientation  at  an  R-ratio 
cf  7.32  ir.  a  moist-air  environment.  Crack  growth  measurements  for  two  of  the 
tests  (specimen  number  i  in  the  L-T  orientation  and  number  1  in  the  T-L 
orientation)  were  determined  visually  and  those  for  one  test  (specimen  number  2 
in  the  L-d  orientation)  were  determined  electronically  (compliance  method). 

Tne  crack  growth  rate  data,  at  low,  intermediate  and  high  stress  intensities  (AK 
for  the  three  tests  are  shown  plotted  together  in  Fig.  11. 


Some  of  the  data  shown  in  Fig.  11  violate  an  A3TM  E64?  requirement  that  at  a 
given  number'  of  cycles  any  two  crack  lengths  differing  by  more  than  7.253, 
actually  1-57  ran  (o.Gbf-iii. )  for  these  two  tests,  is  invalid.  However,  since 
the  requirement  is  not  violated  by  much,  not  more  than  0.84  ran  (0.233-in.)  in 
any  instance,  and  a  significant  amount  of  critical  low  AK  data  is  involved,  tils 
data  is.  included  in  Fig.  11  (represented  by  solid  symbols).  This  decision  is 
also  substantiated  by  the  fact  that  there  is  sufficient  data  that  does  not 
violate  the  requirement  that  is  interspersed  with,  the  invalid  data  and  is  !r. 
good  a;tr'-ement  indicating  that  the  slight  violation  of  the  AJTM  requir m:e: :t 
can  be  tolerated  in  this  instance. 
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Tiie  chemical  composition  and  various  mechanical  properties  have  been  determined 
along  with  microsti’uctural  and  fractographic  examinations  of  a  32.54  nm  (1.28l-in. 
thick  sarrple  of  commercially  produced  2G20-T651  plate,  two  pieces  (A  and  B), 
supplied  by  the  Department  of  the  Navy.  The  results  of  the  various  tests  and 
examinations  of  the  material  are  shown  as  follows: 

1.  Chemical  Composition  -  Table  1 

2.  Microsti'ueture  Examination  -  Figure  2 
3-  Tensile  Properties  -  Table  2 

4.  Tear  Properties  -  Table  3 

5-  Fracture  Toughness  -  Table  4  (K-  and  Slow  Bend  Charpy)  and  Figure  6  (R-Curve) 

6.  Fatigue  Crack  Jruwth  (FCU)  -  Figures  11  through  14 

7-  Fractographic  Examination  of  FCG  Specimen  -  Figure  15  (a -f) 

The  composition  of  the  plate  is  about  nominal  for  202 0  and  the  tensile  properties 
of  plate  pieces  "A"  and  "B"  are  comparable. 

The  fracture  toughness  of  the  plate  is  rather  poor  compared  to  7XXX  alloys  and 
is  indicated  by  the  pool*  tear  resistance  and  low  r',  R-curve  and  slow  tend  charpy 
values.  On  the  other  hand,  the  resistance  of  the  282O-T651  plate  to  constant-load- 
amplitude  fatigue  crack  growth  (FCG)  at  an  R-ratio  of  0.33  in  a  moist  air  environ¬ 
ment  is  quite  good  over  the  low,  intermediate  and  high  AK  ranges,  and  generally 
superior  to  7075  plate  in  the  T651  and  T7351  tempers  under  similar  conditions. 
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RESULTS  OK  TEAR  TESTS  AT  ROOM  TEMPEKATURE  UK  TOO  (2)  PIECES(il)  OF  COWERCIALLY 
PRODUCED  32.54  m  (1. 28l-ln.)  WICK  ALUMINUM  ALLOY  2020-'R>51  PLATE*1') 


(.] )  Value  Included  In  tl«  determination  of  average  value. 

(k)  UPB  nay  be  eat imated  (rapid  fructuiv). 

(l)  1j ler^  may  be  near  "ero  (oui've  riot  reliable).  • 

(m)  Value  not  Included  in  the  iotomiriution  of  an  average  value. 

(n)  IfPK  !  J  t  limited  ( raj) Id  JYucture) . 


RESULTS  OR  KHACTUHE  TCJUUUNESS  TESTS  l PLANE-STRAIN  (K,  ) ,  CHARPY  (KJch 

AT  ROOM  TEMPERATURE  OR  TVU  (2)  PIECES(a)  OR  COWEKCIALLY  .  . 
PRODUCED  32. 54  inn  (I.DSl-Dl.)  THICK  ALUMINUM  ALLOY  2020-T651  PLATE'  ' 


TOP  VIEW 


SIZE  AND  SHAPE  OF  TWO  PIECES  OF  COMMERCIALLY  PRODUCED  AlU>K 
2OE0-T65!  PLATE  0-261  IN.  THICK)  -  SAMPLE  523713  b) 
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SCALE  \  JH.-  5  IN. 

LOCATION  OF  TEST  SPECIMENS,  ALUMINUM  ALLOY  2020-T651  PLATE 
(sample:  si  3713  i  PIECE.  A,  SECTION  Z) 
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LOCATION  OF  TEST  SPECIMENS,  ALUMINUM  ALLOY  2.02LO-T65I  PLATE 
(SAMPLE  Sllll  3,  PIECE  B,  SECTION  i) 
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Enlarge  view  of  notch 


Slow- Bend  Charpy  Specimen 

Figure  7 


Load -deformation  curve 
(Curve  A) 
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Figure  9 
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Effect  of  Specimen  Orientation  on  the  Fracture  Path  of 
Triplicate  Kahn -Type  Tear  Specimens  from  a  Sample 
(52371 3-A-2)  of  2020-T651  Aluminum  Alloy  Plate 

(32.54  mm  Thick) 

Figure  10 
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l  2020-T651  plate  (32.54  mm  thick) 

Sample  No.  523713 

Plate  piece  B,  Section  No.  2  'J 

M.T.  No.  040780- A  o 

Specimen  Type:  CT  (B=6. 35  mm,  W=63.5  mm,  H/W=0.6) 
Environment:  High  Humidity  (>90%  R.H.)  Air 
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at  Room  Temperature 
Frequency:  25  Hz 
R-Ratio:  0.33 
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straightness  requirement  that 
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Constant-Amplitude  Fatigue  Crack  Propagation  Data  for  Commercially. 
Produced  2020-T651  Plate  (32.54  mm  thick)  In  the  Longitudinal  (L-T) 
and  Long-Transverse  (T-L)  Orientations. 

(Moist  Air  Environment,  R-Ratio=0.33) 
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Comparison  of  Constant-Amplitude  Fatigue  Crack  Growth  Rate  Data 
Determined  Using  Visual  Versus  Compliance  Methods  of  Crack  Growth 
Measurement  for  Commercially  Produced  2020-T651  Plate  (32.54  mm  thick) 
In  the  Longitudinal  (L-T)  Orientation 


(Moist  Air  Environment,  R-Rat1o«0.33) 


A  a  /A  N  .  nn/c  y  c  I 


Fig.  M  Comparison  of  Constant-load-Ampl  1tud*»  fat ’gun  Track  Propagation  Data  fr>r 
Commercial ly  Produced  ?0?0-T6S1  Plate  with  Data  for  Coamercial  ly  and 
Laboratory  Produced  7075-T6S1  Plate  and  Commercially  Produced  70?^- 
T7351  Plate 

(Moist  Air  Environment,  R-Rat to*0.33,  l-T  Orientation) 


Fracture  Surface  Appearance  of  Alloy  2020-T651  Plate 
(32.54  mm  Thick)  in  the  L-T  Orientation  for  FCG  Rates 

(da/dN)  of  1.27  x  10“10  and  2.54  x  10"10  m/cycle 

(5  x  10-9  and  1  a  10~8  in. /cycle,  respectively) 

Figure  1  5  (a  and  b) 


Fracture  Surface  Appearance  of  Alloy  2020-T651  Plate 
(32.54  mm  Thick)  in  the  L-T  Orientation  for  FCG  Rates 

(da/dN)  of  1.27  x  10“9  and  1.27  x  10"8  m/cycle 

(5  x  10~8  and  5  x  10“7  in. /cycle,  respectively) 

Figure  15  (c  and  d) 


Fracture  Surface  Appearance  of  Alloy  2020-T651  Plate 
(32.54  mm  Thick)  in  the  L-T  Orientation  for  FCG  Rates 
(da/dN)  of  1.27  x  10~7  and  1.27  x  10“6  m/cycle 
(5  *  10~6  and  5  x  10~5  in. /cycle,  respectively) 

Figure  15  (e  and  f) 
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